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Knowledge of morphologically derived words, as pro-
vided for medical English by the UMLS Specialist
Lexicon, is useful to detect term variants for auto-
mated coding and indexing. For most other lan-
guages though, no comparable morphological knowl-
edge base is available. We therefore endeavored to
design general methods to help collect such knowl-
edge for a given language. We propose here a method
for discovering derived words in text corpora and ap-
ply it to a French medical corpus. To evaluate this
method, we study its ability to suggest derived adjec-
tives for 2,297 nouns found in the SNOMED nomen-
clature, which itself specifies adjectival equivalents for
some of its terms. 74% of the proposed adjectives
are judged correct (precision) and cover 16% of these
nouns (recall), a larger amount than what SNOMED
already specifies. Furthermore, the corpus suggests
additional adjectives which can increase SNOMED’s
by 76%. We conclude that such a method can help
speed up the construction of a morphological knowl-
edge base which can increase the number of term vari-
ants in an existing controlled vocabulary.

INTRODUCTION

Controlled vocabularies associate with each concept
of a given domain a preferred terfimpften comple-
mented with additional, equivalent terms, called ‘syn-
onyms’ or €.g, in MeSH®) ‘entry terms’. These vari-
ant expressions of the same concept often use mor-
phologically related words. For instance, the UMLS
Metathesaur® 2002AA compiled 16 different terms
for concept C0027051Myocardial Infarction in
which infarction / infarct / infarcts (and myocardial

/ myocardiunm) form a morphological family. Inflec-
tion (infarct/ infarcts), derivation (nfarct / infarction;
myocardium/ myocardia) and compounding niy-
ocardium/ myocardiopathy/ encephalomyocarditjs
are classical distinctiohsamong these morphological
relations. Knowledge of such relations is instrumental
in the automatic detection of term variadtswhich

is itself a key component for automated indexfriy.
Such knowledge is provided for medical English by
the UMLS Specialist LexicoR.6 Several teams have
worked on morphological knowledge for genérat
medicaf® French, and are now preparing a unified
medical lexicon for French (UML¥).

http://www.biomath.jussieu.fr/{pz,ngr}/

We have shown in earlier work how structured termi-
nologies can be exploited to learn morphological vari-
ants for various languag&s? such discovery tech-
nigues will help to compile the morphological rela-
tions in the UMLF lexicon. Controlled vocabularies
are an interesting source for morphological discovery
since they concentrate a high density of specialized vo-
cabulary which they link through numerous semantic
relations (synonymy, hypernymy, etc.). However, they
cannot mirror all actual term usage: large, diversified
corpora of medical textd can provide complementary
help in this purpose. The general goal of the present
work is to provide automated methods to assist the col-
lection of morphological knowledge from corpora.

Various kinds of corpus-based, morphological discov-
ery methods have been proposed. Jacquématches
two-word MeSH terms with variant digrams (two-
word sequences) in a corpus. Xu and Crofilter the
morphological variants found by Porter's stemier
in a corpus according to their association strength in
that corpus. We have designed a meffidél which
blends together elements from Xu and Croft's method
and from our earlier terminology-based wdrk.only
needs a corpus, and is not restricted to two-word terms.
The specific goal of the present work is to evaluate
its ability to add new morphological variants to terms
in a controlled vocabulary. We chose SNOMED
more precisely the French SNOMED Microglossary
for Pathology}” as a test bed, because it combines
several distinct features: it uses mixed-case, accented
letters, and is therefore directly usable for natural
language processing; as a multiaxial terminology, it
provides terms in several semantic axes (Topography,
Morphology, etc.), allowing us to work on diversified
words; and among its rich set of synonyms, it explic-
itly specifies adjectival equivalents (class ‘05’) to nom-
inal terms €.g, foetus/ foetal). We therefore focus on
nouns and their derived adjectives, and investigéte
whether the morphologically related words (noun / ad-
jective) explicitly specified by SNOMED can be found
by our corpus-based method, afid) whether new
morphologically related words can add to SNOMED's
existing variants. The method is tested on SNOMED
as a kind of formal proof of concept, but it will be all
the more useful on thesauri which lack such informa-
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tion, such as MeSH, ICD, ICF, etc.

We first describe the corpus which we shall exploit
and the test set of nouns and adjectives obtained from
SNOMED. We then summarize how pairs of nouns
and derived adjectives are detected in the corpus and
how we evaluate their contribution with respect to
SNOMED, and present and discuss evaluation results.

MATERIAL

The corpus used in this experiment was initially
compiled for working on cross-language information
retrievall® It takes advantage of the CISMeF catalog
(www.chu-rouen.fr/cismef?) which indexes French-
language medical Web sites with MeSH keywords. We
downloaded all HTML pages indexed under the main
headingSigns and Sympton{€23) or one of its de-
scendants, extended to pages found one hyperlink far-
ther below these initial pages. 4,627 pages were ob-
tained and converted to plain text; the language of each
line was identified, and lines written in languages other
than French were filtered out. Finally, each word was
tagged with its part-of-speech (with TreeTag§pand
lemmatized (with FLEMM?'). Grammatical words
were discarded, leaving 2,041,627 (lemmatized) to-
kens of categories noun, adjective, verb or adverb.

The French Microglossary for Patholdgdyis a subset

of the full SNOMED International; it contains 12,550
terms, which we tagged and lemmatized in earlier
work.!! To build a test set of medical nouns, we col-
lected all of its terms which consist of a single noun,
possibly followed by the expression SAI (French
acronym fomot otherwise specifi@d This provided a
test set of 2,297 nouns. As mentioned in the introduc-
tion, SNOMED explicitly specifies adjectival equiva-
lents for some of its concepts. We thus collected in
a similar way all terms consisting of a single adjec-
tive. We also obtained the associations of such nouns
and adjectives: those linked with the same SNOMED
code. When several adjectives were linked to the same
noun(s), we manually selected the appropriate mor-
phological association(sg(g, conceptM-14400has
nounsdéchirure lacération and rupture, and adjec-
tives déchiré lacéré and rupturé which we associ-
ated in three noun-adjective pairs). 435 associations
were obtained for 345 different nouns and constitute
our SNOMED reference.

METHODS

Corpus-Based Discovery of Derived Words

Our method for discovering morphologically related
words in a corpus, just like our previous work with
structured terminologie,looks for words that(i)

have a similar form andi:) occur in a semantically
constrained context. Our simple test for formal simi-
larity checks whether two words start with the safhe
characters@ = 4 in the present experiment). We also
observe, following Xu and Croft that for reasons

of thematic continuity in a text, semantically related
words are often found together at a moderate distance
from each other. To detect these cooccurrences, we
scan the words in the corpus through/sirword slid-

ing window and count the cooccurrences of each pair
of formally similar words. The log-likelihood ratfdis
used to measure in a more principled way the degree of
(in)dependence, hence the association strength of two
such words. In summary, our principle is that words
which share the same firgl' characters and which
cooccur in anV-word window more often than chance
are likely to be morphologically relatedV(is set to
150 in this work). This indeed collects both words
which are morphologically related (through derivation
and compounding) and some amount of spurious as-
sociations. In the present experiment, we want to fo-
cus on adjectives derived from nouns. We therefore
added three filters. A pair of words collected by the
method is considered to be produced by a hypotheti-
cal rule which substitutes their suffixes ¢, abdomen

/ abdomina). A formal filter tests the sizes of these
suffixes: the derived word must be longer than its base
word (to allow for some flexibility, we accept one char-
acter less than the base), but not more than five charac-
ters longer so as to block some compounds; and the to-
tal length of both suffixes must not exceed ten charac-
ters €.g, adénomatoséadénocarcinomés blocked).

Of course, we select the category of the base and the
derived word (N and A). Finally, we take into account
the frequency of application of the ‘rule’ on our test
data: a rule which applies only once is likely to de-
note a spurious cooccurrenaad, calibre/ caliciel),
unless this cooccurrence has a very high association
strength. We experimentally set an association thresh-
old of 50 under which rules which apply only once are
discarded (with the word pairs they would produce).

Evaluation

We first evaluate the intrinsic propensity of the method
to propose and order pairs of nouns and derived adjec-
tives found in the corpus. We reviewed each pair pro-
duced from the CISMeF corpus and computed the ra-
tio of correct pairs (actual derived adjectives) over the
total number of pairs considered. Considering word
pairs in decreasing order of association strength, we
compute acumulated precisioron all pairs seen up

to a given rank and éocal precisionon successive
slices of 200 word pairs. We then evaluate the ad-
jectives proposed for the 2,297 nouns of our test set.
We compute their specifiprecision(#correct / #pro-
posed) and the ratio of correct associations over the
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total number of nouns in the test sed¢¢all). We also
compare the proposed adjectives with those specified
by SNOMED, compute a recall relative to SNOMED,
and also the proportion of correct, new derived adjec-
tives added by the corpus-based method with respect
to SNOMED. Programs were implemented using Perl
and Unix scripts and PostgreSQL queries.

RESULTS

5,036 derived noun-adjective pairs are selected by the
system in the corpus. Cumulated and local precision
are plotted on figure 1. The overall precision is moder-
ate (77% cumulated precision at highest rank); a high
association strength generally favors a larger propor-
tion of correct derived pairs (figure 1a), although some
variation is observed in local precision. A low rule
frequency is generally a clue of an incorrect pair (fig-
ure 1b); the impact of a high rule frequency is less
clear. Note that this set of derived noun-adjective pairs
is obtained from a larger set of 14,463 candidate de-
rived pairs, themselves selected from 48,003 corpus
associations, 44% of which are corrét.
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Figure 1. Cumulated and local precision of selected
cooccurring candidate noun-adjective derived pairs,
plotted against rank: a) by decreasing order of associa-
tion strength; b) by decreasing order of rule frequency.

Table 1 shows an excerpt of candidate noun-adjective
pairs. Asterisks mark associations of unrelated (or
too far away) terms; question marks tag related words
whose relevance is questionable in our context.

Table 2 shows the amount of nouns and associated

Table 1. Candidate derived noun-adjective pairs: first
group with highest association strength, second group
with lowest. When the noun is in the SNOMED-
derived test set, the initial of the SNOMED axis is
shown in parentheses. When the adjective is specified
by SNOMED for this noun, it is followed by a + sign.

diabete/ diabétique (D) asthme asthmatique(T) urine
/ urinaire; (T) cellule / cellulaire+; (M) kyste/ kys-
tiqgue douleur / douloureux (D) tuberculose/ tuber-
culeux grippe/ grippal; (M) cancer/ cancéreuxvaccin/
vaccinal glomérule/ glomérulaire

format / formateur® réserve/ réservé? réalité / réal-
isable? utilité / utilisable? forme/ formateur* signal
/ signalé? clinical* / clinique (P) consultation/ con-
sultable?

adjectives obtained from SNOMED and selected by
our corpus-based method. Their distribution over
SNOMED axes is skewed: SNOMED provides noun-
adjective associations mainly for the M and T axes,
and many G preferred terms are themselves adjectives.
The corpus method proposes 502 noun-adjective as-
sociations, 370 of which are correct (precision = 74%,
recall = 16%). They cover 31% of SNOMED-specified
noun-adjective associations, and propose 263 (relative
+76%) new derived adjectives. Not shown on this ta-
ble, while 48% of these adjectives occur elsewhere
within SNOMED terms, 52% do not occur at all in
the French Microglossary for Pathology; instances are
apoptotiquebacillaire, bronchiteux

DISCUSSION

The present method for corpus-based discovery of
noun-adjective associations can help to find derived
adjectives for 16% of the nouns in our SNOMED-
derived test setige., 16% global recall). Although
this is a rather low figure, it is comparable with what
SNOMED explicitly specifies (15% recall). Further-
more, this proposes new derived adjectives to comple-
ment SNOMED's, affording it derived adjectives for
26% of the nouns in our test set instead of the cur-
rent 15%, a potential increase of 11% in SNOMED's
recall (relative increase of 76%). Indeed, these de-
rived adjectives need to be further reviewed by the
SNOMED editors who alone can judge their final rele-
vance with respect to SNOMED'’s organizational prin-
ciples. Human editors may have very good reasons
to make different local choices. For instance, in the
French SNOMED, adjectiverinaire (urinary) is asso-
ciated withvoies urinairegurinary tract), and is there-
fore not considered an adjectival equivalentuoie.
This raises the issue of what should be an ‘acceptable’
derived adjective in a medically-oriented lexicon such
as UMLF. We believe a reasonable position is to com-
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Table 2: Nouns and associated adjectives in French SNOMED Microglossary for Pathology, and candidate derived

adjectives selected from corpus cooccurrence data.

- AXIs A C D F G J L M P S T Total

g Nouns 48 156 367 187 25 3 313 773 43 5 377 2297

S Adjectives 7 378 165 170 720

& Associations (#nouns) 6 5 173 161 345
Corpus associations 10 34 98 45 8 2 16 133 3 153 502

. Correct 6 25 49 33 5 1 10 97 3 141 370

2 _Correct and new 6 25 49 33 4 1 10 69 3 63 263

5 Global precision 60% 74% 50% 73% 62% 50% 62% 73% 100% 92% 74%

O Global recall 12% 16% 13% 18% 20% 33% 3% 13% 7% 37% 16%
Addition % global 12% 16% 13% 18% 16% 33% 3% 9% 7% 17% 11%
Recall % SNOMED 0 20% 16% 48% 31%
Addition % SNOMED 550% 80% 40% 39% 76%

pile the various linguistically relevant derived adjec-
tives in the lexicon and to let lexicon users select those
that suit their needs. A finer semantic categorization
of different derivation operators, as is usually made
in more linguistically-oriented work,may also help
make such decisions. For instance, relational adjec-
tives (ertainyms' e.g, diabétique vaccina) have a
simple, general semantics mdlated to XwhereX is

the base noun. In contrasble adjectives €.g, con-
sultablg imply a more specific semantic relationd,
X-ablemeanswhich may be X-edwhereX is a base
verb), which may motivate a different decision. We
examined the reasons for not finding more derived ad-
jectives. Some are intrinsic limitations of the method
(four-character threshold, finding both noun and ad-
jective in the selected corpus, etc.). We also found
that many of the nouns in our test set simply do not
have attested derived adjectivesg, avorton— En-
glish abortus dermatite hidrosadéniteéphélide aor-

tite), even through manual search with the Go&yle
or AltaVista® search engines. This means that our
measurement underestimates the actual recall of the
method. This silence can be reduced in several ways.
Indeed, enlarging and diversifying the corpus will ac-
cumulate new words: less than 5,000 documents were
used, many times more can be easily collected, both on
the Web and in patient files. Using the induced rules to
collect more word pairs, as we did on terminologies,
is another way of extending coverage. Finally, lower-
ing thresholds, in particular the 4-character common
initial substring length, increases recall but also de-
creases precision. There will also always remain a
need for linguistic knowledge which requires human
intervention. This is the case, for instance, of sup-
pletive basesd.g, the basecard- for words derived
from hear)). This being said, the present, standalone
evaluation shows that the proposed method can detect
new, morphologically-related word pairs. We believe
it does has value, not in isolation, but as one of a se-
ries of complementary methods (terminology-ba¥ed,
terminology+corpus,etc.) for collecting good-quality

morphological knowledge, which can be combined to
obtain both better recall and precision.

The corpus-selected adjectives obtain an average pre-
cision of 74%, which we consider acceptable since
human reviewers can quickly eliminate the 26% re-
maining errors. Improving this precision is neverthe-
less a theme of current work. Errors include actual
derived adjectives which were not the expected rela-
tional adjectivefigure/ figuré (facial), embryory em-
bryonné(embryonnairg travail / travailleur; facial is

built with a ‘suppletive’ baseféce or faciesinstead

of figure), which cannot be detected by our method.
Words related through several derivation steps were
also considered as errordentier/ dentaire colite /
colique conjonctivite/ conjonctival Some neoclas-
sical compounds passed our heuristic selection crite-
ria: hydrocéle/ hydrique insecte/ insecticide Some
words were incorrectly tagged as adjectives: non-
words €b6lon/ cblonhh muscle/ musclairg, foreign
words which passed our language filter (Englisim-
traction / contracted Spanishcomplication/ compli-
catione(s))or actual French wordscornée/ corné.
Simple coincidences were also encountered, such as
collapsus/ collatéral. Some of the discovered ‘rules’
cause an important proportion of the erroesy, the

rule which adds a finale is a common French inflec-
tion rule, but not a usual derivation rule. Progressive
inclusion of knowledge to validate or invalidate some
of the discovered ruléswill help increase further the
current precision when tackling new corpora.

Let us note finally that the method, given initial part-
of-speech tagged and lemmatized data, does not need
language-specific knowledge beyond the suffix-length
thresholds. These may need small adjustments for lan-
guages with much longer (or shorter) suffixes. Among
the proposed adjectives, some are specific to med-
ical usage €.g, paramétre/ paramétrial instead of
paramétrique- Englishparametriuny parametrialor
parametrig and are more likely to be absent from gen-
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eral language resources: an advantage of corpora is
that they reveal actual word usage, which is more dif-
ficult for controlled vocabularies to keep up with.

CONCLUSION

The present experiment shows the potential of text cor-
pora as a source of morphological knowledge. The
main contribution of the present kind of work is to de-

sign means for automatically analyzing large amounts
of data (corpora) and proposing a synthesis of candi-
date knowledge elements extracted from that data. Its
rationale, which is implemented in the UMLF project,

is to prepare data for human editors so as to help them
do faster, more complete work. We also believe that
the present method, tested here on French SNOMED,
should be effective on other languages and thesauri.
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